Introduction
Acute myeloid leukemia (AML) is the most common acute leukemia in adults and accounts for ~80% of cases in this group. 1 AML is characterized by a clonal proliferation of myeloid precursors with a reduced capacity to differentiate into more mature cellular elements. As a result, there is an accumulation of leukemic blasts, resulting in variable myelosuppression manifested as pancytopenia. 2 Clinically, a combination of conventional karyotypic analysis plus reverse transcriptase polymerase chain reaction (RT-PCR) or fluorescent in situ hybridization for specific abnormalities can aid in the diagnosis, treatment, and posttreatment monitoring of patients with AML. 3 However, despite continuous improvements and refinement in laboratory tests, ~50% of AML patients have a normal or noninformative submit your manuscript | www.dovepress.com
Dovepress

4888
Yang et al karyotype and are considered to have an intermediate prognosis. Although some improvement during the last four decades has been made with current standard chemotherapy, the prognosis of AML is generally poor with ~35% cured of their disease among younger and fit patients on clinical trials. 4 Therefore, novel biomarkers potentially have prognostic importance, and therapeutic implications will further our understanding of the biology of such heterogeneous malignancy.
S100A8 is a member of the S100 calcium-binding protein family belongs to the Ca 2+ binding EF-hand motif superfamily with the ability to form homodimers, heterodimers, and oligomers. S100 proteins have a broad range of intracellular and extracellular functions including regulation of protein phosphorylation and enzyme activity, calcium homeostasis, regulation of cytoskeletal components, and regulation of transcriptional factors.
5 S100A8 preferentially forms functional heterodimers with S100A9 which have been increasingly recognized as biomarkers in multiple solid tumors, including gastric, esophageal, colon, pancreatic, bladder, ovarian, thyroid, breast, and skin cancers, [5] [6] [7] [8] contributed both by tumor cells and by infiltrating immune cells in the tumor stroma. S100A8 (MRP8) has been described as a critical regulator of chemo-resistance in leukemia. RNA interference-mediated knockdown of S100A8 expression increased the sensitivity of leukemia cells to chemotherapy and apoptosis induction. Moreover, inhibition of S100A8 expression decreased autophagy as evaluated by autophagic markers, while a follow-up study found that S100A8 may enhance drug resistance by upregulating autophagy through promoting the formation of BECN1-PI3KC3 (PI3KC3, phosphatidylinositol 3-kinase class 3) complex. 9, 10 Recently, gene-expression profiling data reveal S100A8, and S100A8 played pivotal roles in hematological malignancies. Overexpression of S100A8 and S100A9 is associated with failure to induce free-cytosolic Ca 2+ and glucocorticoid resistance in mixed-lineage leukemia-rearranged infant acute lymphoblastic leukemia. 11 In a proteomic profiling study, high expression of S100A8 was identified and subsequently confirmed with Western blot analysis in leukemic cells to be highly correlative of poor survival in AML patients. 12 Despite proteomic profiling and clinical correlation of S100A8 in a retrospective study, 10 the role of S100A8 expression in AML requires confirmatory study. The best method of detecting S100A8 in clinical specimen remains to be determined. Prospective correlation of S100A8 expression at either genomic or proteomic level with clinical parameters are yet to be studied.
In this study, we investigated the correlations between S100A8 with clinical parameters in AML. We analyzed data from mRNA-based measurement to comprehensively study the expression pattern of S100A8 in a well-characterized cohort of AML patients who underwent intensive chemotherapy. We further investigate the drug resistance mechanisms of S100A8 on AML cell lines.
Materials and methods
Patient cohort and sample processing
In this retrospective study, 189 AML patient specimens at different treatment stages of induction chemotherapy between 2010 and 2014 were included. Among them, 91 were de novo AML patients (excluded secondary AML, therapy-related AML or AML evolved from antecedent hematological disorders), 64 patients in complete remission (CR) and 34 patients in relapse, in addition to 20 controls without leukemia. Acute promyelocytic leukemia patients were excluded from this study.
Induction chemotherapy for the patients ,60 years old was started with mitoxantrone/idarubicin (10 mg/m 2 ) as a 30- 
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high expression of S100A8 gene in aMl unfavorable-risk patients were those with karyotypes including complex (three clonal chromosomal abnormalities), −5, 5q−, −7, 7q−, 11q23 -non t(9;11), inv(3), t(3;3), t(6;9), and t(9;22). The detailed information was illustrated in Table 1. rT-Pcr detection for S100A8 gene expression Total RNA was isolated from BMMCs using Trizol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's protocol. RNA concentrations and purities were measured with a spectrophotometer at A260 and A260/280, respectively. Two micrograms of total RNA were reversely transcribed into cDNA. The primers were designed according to the sequences of S100A8 mRNAs (GenBank No: NM_002964.4). The sense primer for S100A8 was 5′-CCGAGTGTCCTCAGTATATCAGGA-3′ and the antisense primer 5′-GCCCATCTTTATCACCAGAATGA-3′. The PCR amplification was carried out in 20 μL reaction mixture, containing 1 μL cDNA template, 1 μL of 20× EvaGreen Dye (Biotium, cat: 31000, Hayward, CA, USA), 10 μL of 2× Fast-Plus EvaGreen Mix (Biotium, cat: 31014), 5 μM forward and reverse primer, respectively, and 7 μL nuclease-free water. After a 10 minutes denaturation at 95°C, PCR was performed for 40 cycles. Each cycle was completed at 95°C for 15 seconds, 60°C for 1 minute, and followed by a 60°C elongation for 1 minute. β-Actin as a housekeeping gene, was at the same time amplified as control of the same templates. The upstream/downstream primers of β-actin was 5′-CCTGGCACCCAGCACAAT-3′ and 5′-GCCGATCCACACGGAGTACT-3′, respectively. In all samples, amplification of β-actin reached the threshold within 30 cycles. Positive and negative controls were included in all assays. S100A8 transcription level was normalized to β-actin transcription level. CT (S100A8) = CT (S100A8) − CT (β-actin). All the primers were Thermo Fisher Scientific products. The expected PCR products of S100A8 and β-actin were 119 and 70 bp, respectively. Quantitative RT-PCR detection was performed by using Invitrogen (7500 Real-Time PCR System).
cell and culture conditions
Leukemia cell lines HL-60, NB4, K562, and SHI-1 cell lines were obtained from the American Type Culture Collection (ATCC, Manassas, VA, USA). All cell lines were maintained at 37°C in Roswell Park Memorial Institute 1640 (Invitrogen) supplemented with 10% fetal bovine serum (Invitrogen).
Transfection of hl-60 cells with engineered S100A8 gene cDna Based on our previous study, 17 we amplified S100A8 gene from CD34 positive cells and sequenced for validation and cloned into the lentivirus vector, pLVX-IRES-puro (Clontech Laboratories, Inc, Mountain View, CA, USA). pLVX-S100A8-puro and pLVX-puro were transfected into HL-60 cells using lipofectamine 2000 transfection reagent (Invitrogen), according to manufacturer's cell viability assay Cells (1×10 4 /100 mL) were seeded in 96-well plates and treated on the following day (24, 48, or 72 hours) with VP-16 (etoposide), Ara-c (cytarabine), DNR (daunorubicin), and HHT (homoharringtonine/omacetaxine mepesuccinate). Cell viability was analyzed using CCK8 kit (Cat: GD721; DOJINDO Laboratories, Rockville, MD, USA) according to the manufacturer's instructions, and optical density (OD) was read at 490 nm on a microplate reader (BioRad Laboratories Inc., Hercules, CA, USA). The cell viability (%) was calculated as the following equation: cell viability = OD A /OD B (%) ×100% (OD A , experimental group; OD B , control group).
cell cycle analysis
For cell cycle analysis, cells were harvested and washed in ice-cold phosphate-buffered saline, and then fixed in 70% cold ethanol. The cell pellets were suspended in a 1 mL solution containing 100 mg/mL Rnase (Sigma-Aldrich Co., St Louis, MO, USA) and 50 mg/mL propidium iodide (Sigma-Aldrich Co.), and incubated for 30 minutes at 37°C. Cell cycle analysis was performed on a flow cytometer (Beckman Coulter FC 500, Pasadena, CA, USA) and analyzed by Multicycle AV program (Beckman Coulter).
apoptosis assay
Apoptosis assay was according to the manual operation of DOJINDO Annexin V Staining Kit (Cat:GD721; DOJINDO Laboratories). Briefly, cells were washed two times with cold phosphate-buffered saline and then cells were resuspended in 1× binding buffer at a concentration of ~1×10 6 cells/mL. Then 100 μL of the solution (~1×10 5 cells) was transferred to a 5 mL culture tube. Annexin V and propidium iodide (5 μL/test) were added. Cells were gently mixed and incubated for 15 minutes at room temperature in the dark. Four hundred microliters of 1× binding buffer was added to each tube and the cells were analyzed by flow cytometry within 1 hour.
real-time Pcr array analysis for apoptosis
Samples from each group were submerged in 1 mL Trizol (Invitrogen) for RNA extraction, and stored at −80°C until further processed. cDNA synthesis was performed on 4 μg of RNA in a 10 μL sample volume using SuperScript II reverse transcriptase (Invitrogen) as recommended by the manufacturer. Real-time PCR array (SABioscience Human Apoptosis PCR Array PAHS-3012, Frederick, MD, USA) analysis was performed in a total volume of 20 μL including 2 μL of cDNA, primers (0.2 mM each), and 10 μL of SYBR Green mix (Hoffman-La Roche Ltd., Basel, Switzerland). For gene expression quantification a comparative Ct method was used. Gene expression levels for each sample were normalized to the expression level of the housekeeping gene encoding glyceraldehyde 3-phosphate dehydrogenase within a given sample (−ΔCt); the relative expression of each gene was calculated with 10 6 × Log 2(−ΔCt). Statistical significance of gene expression was calculated with the t-test using SPSS 17.0 version software (SPSS Inc., Chicago, IL, USA).
The patients with transcription values greater than or equal to the median of all samples was defined as S100A8 high , and the patients with transcription values less than the median of all samples (median of S100A8=0.4009) was defined as: S100A8 low .
Western blot analysis
Whole cell extracts were obtained according to the standard protocol using radioimmunoprecipitation assay buffer, followed by sonication for 5 minutes. Protein concentrations were measured using the Pierce BCA Protein Assay Kit (Invitrogen). Equal amounts of protein extracts (20 μg) were subjected to 10% or 12% sodium dodecylsulfate-polyacrylamide gel electrophoresis and blotted onto polyvinylidene fluoride membranes (Millipore, Belford, MA, USA), and then blocked for 1 hour in 5% nonfat powdered milk in Tris-buffered saline and Tween 20, the membrane was incubated with primary antibodies for S100A8, caspase-3, Bax, Bcl-2, and GAPDH. Blots were then incubated with a horseradish peroxidaseconjugated antimouse or antirabbit antibody. Signals were detected using ECL reagents (Invitrogen).
statistical analyses
To compare S100A8 transcription levels in AML patients at different stages and in the control group, Mann-Whitney U-test (= Wilcoxon rank sum test) was used. To delineate distinct patient subgroups on the basis of S100A8 transcription level, patients with transcription values greater than or equal to the median of all samples were classified as having high level of S100A8 (median of S100A8=0.4009). These cut points were chosen after inspection of survival curves within quantiles of the gene transcription levels. 
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high expression of S100A8 gene in aMl Survival curves were generated by the Kaplan-Meier method, and P-values were calculated by the log-rank test. Multivariate Cox proportional hazard regression models were constructed for overall survival (OS). Confidence intervals (CI) throughout refer to 95% boundaries. All the above analyses were performed by using the statistic software SPSS 17.0 version (SPSS Inc.) and GraphPad Prism software version 5 (GraphPad Software, La Jolla, CA, USA).
Statistical comparisons of mean values in cell line study were performed using Student's t-test. When P-values were ,0.05 the effect size was calculated by using the software G*Power 3 (Faul F, Erdfelder E, Lang AG, Buchner A, Düsseldorf, Germany).
18 Results correlation of S100A8 transcription level with clinical characteristics and treatment outcomes in de novo aMl patients
We investigated the transcription levels of S100A8 in primary BMMCs obtained from 189 patients with AML (91 pretreated patients, 64 patients in CR, and 34 patients in relapse phase). The expression levels of S100A8 in AML patients had no significant difference between initial pretreated and relapse stages (P=0.257), but significant lower at initial, as compared to CR stages (P,0.001) and control group (P=0.0078) ( Figure 1A) . We further analyzed correlation of S100A8 expressions levels and clinical ∆ Figure 1 correlation of s100a8 transcription level with outcomes in de novo aMl patients. Notes: (A) Transcription levels of S100A8 in aMl patients at different stages and in control group. S100A8 transcription in de novo and relapse aMl patients revealed no significant difference (P=0.257), but was lower than that in complete remission (P,0.001) and control group (P=0.0078). The thick solid lines represent medians for S100A8 of each group. (B) The transcription levels of S100A8 were significantly associated with cytomorphological classification. The results showed that S100A8 transcription levels were higher in FAB classifications M4 and M5 than in the M0 and M1 subtypes. (C) Overall survival for patients with de novo aMl according to the low and high expression of s100a8. The results showed that high s100a8 transcription predicted shorter Os in the whole cohort of patients (n=91). (D) Os according to percentiles of S100A8 transcription levels in de novo AML patients. To test whether a cut point at the median was appropriate to define high-and low-risk patient subgroups on the basis of S100A8 transcription levels, survival curves were generated for patient cohorts with S100A8 transcription levels ,25th percentiles, between 25th and 50th percentiles, 50th and 75th percentiles, and .75th percentile. Median of S100A8 transcription was 0.4009. The results showed that the higher the expression of S100A8, the shorter the Os in de novo aMl patients (P=0.03). Abbreviations: aMl, acute myeloid leukemia; FaB, French-american-British; Os, overall survival.
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Yang et al characteristics among 91 newly diagnosed AML, as shown in Table 1 . The median age of patients was 40 years, range from 18 to 84 years. The differential expression of S100A8 in various stages of AML provides us the opportunity of evaluating expression of S100A8 at the transcription level through treatment course. The transcription level of S100A8 was closely related to FAB classification. S100A8 transcription levels were higher in FAB M4 and M5 than that in M0 and M1 subtypes (P=0.042) ( Figure 1B) . Patients with high and low S100A8 transcription levels had median OS times of 15 (CI: 12.8, 20) and 23 (CI: 18.5, 23.5) months, respectively (P=0.024). The estimated 3-year OS rates of high expression S100A8 group was 32% (CI: 16%, 52%) versus 59% (CI: 41%, 76%) for the low expression group (P=0.042) ( Table 2 ). Survival analysis indicated that high S100A8 transcription predicted a shorter OS in the whole cohort of patients (P=0.001) ( Figure 1C ). To further divide the patients into four groups based on their transcription level of S100A8: 23 cases with S100A8 expression level ,25%, 23 cases between 25% and 50%, 23 cases between 50% and 75%, and 23 cases .75%. As shown in Figure 1D , the patients with S100A8 level .75% had a statistical significant shorter OS than all other groups (P=0.03). Prognostic value of S100A8 transcription level in de novo aMl patients in the context of other risk factors
Multivariate analyses were performed to identify the prognostic value of expression of S100A8, in addition to the well-established clinical prognostic parameters, including age, white blood cell count, bone marrow blast, cytogenetic classification, and fusion genes. Based on multivariate model for OS, high S100A8 transcription was a significant prognostic factor (P=0.003) after adjustment for age (P=0.025), bone marrow blast percentage (P=0.016), and cytogenetic classification (P=0.039) at diagnosis (Table 3 ). In the total cohort of de novo AML patients, the age over 60 years (P,0.001) and cytogenetic classification (P=0.016) were independently prognostic factors for OS ( Figure S1A and B) .
Because patients ,60 years represent the majority of the patient cohort (n=77), we divided this group of patients into two subgroups based on high versus low expression of S100A8. The survival rate of patients ,60 years with high transcription S100A8 was better than patients group $60 years, but was poorer than the survival of patients ,60 years with S100A8 low transcription (Figure 2A) . Therefore, S100A8 transcription represents a prognostic factor and allows refined risk stratification in de novo AML patients. Next, S100A8 transcription level was analyzed against cytogenetic risk stratifications. To further explore the relationship between S100A8 transcription levels and cytogenetic risk classification, the patients were divided into six subgroups ( Figure 2B) . Then, survival analysis was performed based on the new stratification, giving a result that the new stratification was highly correlated with the OS (P,0.0001). With significantly different OS, patients from the intermediate-risk group were divided into two subgroups (IH, cytogenetically intermediate-risk with S100A8 high transcription and IL, cytogenetically intermediate-risk with S100A8 low transcription). Patients from group IL demonstrated a probability of OS similar to the cytogenetically favorable-risk group, whereas the survival curve of IH subgroup was close to the unfavorable-risk group ( Figure 2C ). All together, the transcription level of S100A8 further stratified the risk among cytogenetic subgroups. 
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high expression of S100A8 gene in aMl Notes: (A) Risk stratification of de novo AML patients by a combination of age with S100A8 transcription levels. Patients ,60 years old were divided into two subgroups after combination with S100A8 transcription level, which showed the survival of patients ,60 years old with S100A8 high transcription was superior to the patients .60 years old, but was poorer than the survival of patients ,60 years old with S100A8 low transcription. (B) The whole group of patients was split into six subgroups by a combination of cytogenetic characteristics with s100a8 transcription levels (Fh, Fl, ih, il, Uh, and Ul). The results showed that Uh had a shorter Os than other groups (P=0.0015).
(C) Patients from IL and IH subgroups had significantly different OS (P=0.0087). Patients from group il showed a probability of Os similar to the cytogenetically favorable-risk group (P1=0.1433), whereas the survival curve of ih subgroup was close to the unfavorable-risk group (P2=0.6142). (D) OS in de novo AML patients without any of the five gene mutations (n=15). The results showed that high S100A8 transcription predicted shorter Os (P=0.021). Abbreviations: aMl, acute myeloid leukemia; Fh, cytogenetically favorable-risk with S100A8 high transcription; Fl, cytogenetically favorable-risk with S100A8 low transcription; ih, cytogenetically intermediate-risk with s100a8 high transcription; il, cytogenetically intermediate-risk with S100A8 low transcription; Os, overall survival; Uh, cytogenetically unfavorable-risk with S100A8 high transcription; Ul, cytogenetically unfavorable-risk with S100A8 low transcription.
Among these participants, only 24 patients were detected with gene mutations including FLT3-ITD, FLT3-TKD, NPM1, c-kit, and CEBPA. Among them, four had FLT3-ITD, four had NPM1 mutation, and two had c-kit mutations. These results were not included in the multivariate model due to the small group size. However, survival analysis for OS was performed in the small cohort of patients (n=15) with none of the five gene mutations, indicating that high S100A8 transcription predicted shorter OS (P=0.021) ( Figure 2D ). Therefore, S100A8 transcription level could be a prognostic factor for de novo AML patients without the above gene modifications albeit the small sample size.
Overexpression of S100A8 showed resistance to etoposide in hl-60 cells S100A8 was differentially expressed in leukemia cell lines HL-60, NB4, K562, and SHI-1, with relatively low level of S100A8 in HL-60 cells ( Figure 3A) . Figure 3B indicated that HL60 cells were successfully transfected with pLVX-S100A8 and pLVX-control, respectively. The overexpression of S100A8 in HL-60 cells attenuated chemotherapy sensitivity to etoposide treatment over 72 hours compared with the control group ( Figure 3C ). However, pLVX-S100A8 transfected cells did not show significant difference compared with control cells when exposure to Ara-c, DNR, and HHT (data not shown). Further experiments showed that this chemoresistance to etoposide was in a time-and dose-dependent manner ( Figure 3D) , CCK-8 experiments demonstrated that HL-60 cells transfected with S100A8 treated with VP-16 for different hours (24, 48 , and 72 hours) and different dose (150 and 300 ng/mL), showed a higher viability than HL-60 cells transfected with empty vector.
S100A8 affects the expression of antiapoptotic or proapoptotic proteins during chemotherapy in leukemia cells
To further explore the mechanism of S100A8 drug resistance in leukemia cells, we treated the S100A8 overexpressed cells and the control cells with 300 ng/mL etoposide for 72 hours and detected cell apoptosis by flow cytometry. We found that overexpression of S100A8 in HL-60 cells promoted resistance to apoptosis compared with the control group (Figure 4) . These data demonstrated apoptosis pathway mediated S100A8 resistance to etoposide.
Using real-time apoptosis PCR arrays, we analyzed and clustered the expression of 370 genes associated with apoptosis pathway in control and S100A8 overexpression cells treated by etoposide at 300 ng/mL for 12 hours ( Figure 5A ). The genes most significantly upregulated or downregulated are shown in Figure 5B and C, respectively. Examination of the array data revealed that 36 genes were significantly downregulated and 12 genes were significantly upregulated in S100A8 overexpression group compared with control group (Tables 4 and 5 , respectively). The expression patterns of caspase-3, Bcl-2, and Bax were validated by Western blot analysis ( Figure 5D ).
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Notes:
The apoptotic rate analyzed by flow cytometry for HL-60 cells transfected with pLVX-control and pLVX-S100A8 without any treatment (A) and treated by etoposide (B); and column analysis of apoptotic rate detected by flow cytometry for both cell lines either treated or untreated (C). The results showed that hl-60 cells overexpressed with s100a8 had less apoptosis rate (*P=0.004). Abbreviations: UT, untreated; h, hours.
Discussion
In this study, for the first time to our best knowledge, we demonstrated that the transcription levels of S100A8 in AML patients at different stages were diverse, that is, its transcription levels decreased in de novo and relapse stages when compared with patients in CR and control group. Our results showed that S100A8 is a predictor of poor survival in de novo AML patients. Overexpression of S100A8 enhances the drug resistance of AML cells to etoposide by downregulating the expression of Bax and caspase-3, suggesting chemoresistance induced by over expression of S100A8 involved in antiapoptosis pathway. S100A8 is constitutively expressed by myeloid cells, including granulocytes, monocytes, and early differentiated cells of the myeloid lineage. 19, 20 The differential expression of S100A8 in various stages of AML provides us the opportunity of evaluating expression of S100A8 at the transcription level through treatment course. Furthermore, in de novo AML patients, S100A8 transcription levels were higher in FAB M4 and M5 than in the M0 and M1 subtypes ( Figure 1B) . S100A8 belongs to a family of 25 homologous lowmolecular-weight intracellular calcium-binding proteins that exhibit tissue and cell-specific expression. 21 Twenty-one of the human S100 genes are clustered on chromosome 1q21, a frequent target region for chromosome rearrangements that occur during tumor development, indicating their possible involvement in malignancy.
22 S100A8 gene expresses differentially in a wide variety of cell types, abundantly in myeloid cells. It has been reported to regulate cell proliferation and metastatic processes, 23 to induce apoptosis, 24 and to be involved in the progression of various cancers. 25 In this context, we detected the mRNA expression level of S100A8 in bone marrow cells from AML patients at different stages to explore the influence of transcription level of S100A8 on the clinical characteristics, development, and prognosis of AML patients. Meanwhile, we explored its potential function in vitro. In this cohort of 91 de novo AML patients, we found that S100A8 transcription level correlated with OS in univariate analysis. Moreover, multivariate model showed S100A8 expression at transcriptional level was a strong prognostic factor for de novo AML patients.
Recently, Nicolas et al 12 used mass spectrometry-based proteomic approaches to characterize de novo AML, revealing the expression of S100A8 in leukemic cells is a predictor of poor survival. Because of mRNA alternative splicing, allelic variations, and posttranslational modifications, the genome can produce well over a million protein species, but our qRT-PCR study and the previous proteomic analysis reached the same goal by different means. S100A8 transcription status could provide two subgroups of different treatment outcomes, refining risk stratification of de novo AML. Our data showed that S100A8 has been associated submit your manuscript | www.dovepress.com
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high expression of S100A8 gene in aMl with worse prognosis and is a predictor of poor survival in AML patients. Meanwhile, in vitro data showed over expression, S100A8 decreased chemotherapy sensitivity and the apoptosis of leukemia cells when comparing with parental line suggesting a strong influence of S100A8 on chemoresistance of leukemia cells. Although mechanisms of chemoresistance for S100A8 can be multitude, and one novel finding suggested by Yang et al 9, 10 that S100A8 enhances drug resistance by regulating autophagy. However, chemoresistance results from multiple mechanisms including dysfunctional membrane transport, resistance to apoptosis, and the persistence of stem cell-like leukemia cells or in combination were all previously published. 26, 27 Therefore, further study is needed to help predict and overcome drug resistance thereby improving chemotherapy and ultimately the outcome of AML patients.
Mitochondrion-dependent apoptosis is the key mechanism of cell death induced by chemosensitizers. 28 Mitochondriondependent apoptosis is controlled by Bcl-2 family members, which can be classified into three subfamilies: antiapoptotic members such as Bcl-2, Bcl-XL, and Mcl-1; proapoptotic members such as Bax and Bak; and BH3 (Bcl-2 homology domain 3)-only members such as Bim and Bad. 28, 29 The upregulation of Bcl-2/Bax ratio expression increases the resistance to chemotherapeutic drugs, whereas the upregulation of Bcl-2/Bax ratio expression promotes the apoptotic response to anticancer drugs. 30 Our apoptosis PCR array result together with Western blot experiments showed that overexpression S100A8 in combination with etoposide decreased the expression of Bax compared with control group suggesting that the antiapoptotic mechanism of S100A8 in etoposide treated cells manifested by decreasing the expression of 
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Yang et al the Bax protein. In addition, caspase-3 were significantly decreased in the etoposide treatment groups, compared control groups ( Figure 5D ), suggesting that caspase-3 pathway were involved in S100A8 drug-resistance mechanism. In summary, our retrospective study demonstrated the transcription level of S100A8 in AML were significantly associated with disease prognosis and could potentially be used as a marker of future novel therapeutic targeting. Additionally, S100A8 involved in chemoresistance via antiapoptosis way by inducing apoptosis and decreasing the expression of Bax and caspase-3 protein. These results further suggest that the transcription level of S100A8 emerged as a strong prognostic factor in AML patients with intensive chemotherapy, refining the stratification of de novo AML. Hence, we propose that developing more specific S100A8 inhibitor may well be beneficial for AML patients with S100A8 overexpression.
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